Emulsified biodiesel are often stabilized using a combination ratio water, biodiesel and surfactant in achieving stable emulsions. The objective of this study was to evaluate the long-term stability of three phase oil-in-water-in-oil (O/W/O) with respect to the water content and Tween 80. Biodiesel emulsions containing 5 mL, 10 mL and 15 mL water were produce with combination of 95 mL, 90 mL and 85 mL B20 (80 % diesel + 20 % biodiesel) and surfactant by using a mechanical stirrer machine. The experimental results show that increasing concentration of Tween 80 more than 1.5g gave destructive effect on water in oil emulsion stability. In addition, lowering concentration of water content contribute to low polydispersity of emulsion which produced the high emulsification stability.
Introduction
Biodiesel can be produced from animal fat, vegetable oil or waste cooking oil. Biodiesel utilized as an alternative diesel fuel have several advantages such as renewable, biodegradable, emission control and can be used to diesel engines without any modification. Commonly biodiesel contains around 10 to 15% oxygen by weight and thus can be considered as an oxygenated fuel. These facts results in the improvement of its combustion efficiency and reduction in exhaust pollutant compared to diesel fuel. The major pollutant emitted from diesel engines are particulate matter (PM), carbon monoxide (CO) and other gaseous pollutants. However, under a high temperature burning environment, biodiesel fuel produces about 10% more oxides of nitrogen (NOx) than that of diesel fuel [1] . A method to reduce NOx formation is to utilize emulsification technique with the addition of water in its content. Previous study [2, 3] founds that vaporization and sensible water heats in emulsified biodiesel reduce the local adiabatic flame temperature and thereby decreases the emissions of the NOx.
The researches on emulsion of water and diesel fuel have been studied for over 58 [4] years and they generally applied in pharmaceutical [5, 6] , cosmetic [7] , and food [8] . Commonly, to form a stable emulsion of diesel and water requires at least two surfactants which have a low hydrophiliclipophilic balance (HLB) and high HLB. The combination of both surfactants will produce a balance of HLB value. According to Kajitani [9] the optimum HLB value to make a two phase water-in-oil (W/O) emulsion fuels are within the range of 3.5 to 6. However, Lin [10] in his study found that the surfactant mixture of Span 80 (sorbitan monooleate) and Tween 80 (polyoxyethylene monooleate) with HLB = 13 form higher emulsification stability compared to HLB = 6. This stability is suitable for three phase oil-in-water-in-oil (O/W/O) emulsion. The purpose of surfactant addition is to reduces the surface tension between water and oil, activate their surfaces and maximize the superficial contact area [11] which will leading to a relatively stable of the three phase O/W/O emulsion that cannot be readily separated from each other. There are two types of surfactants which are hydrophilic surfactant, and lipophilic surfactant. The function of lipophilic group in the surfactant is to absorb the oil phase while the hydrophilic group is to absorb the water phase [10] .
Since the content and quantity of the emulsifier, HLB, or additives can affect the formation rate and emulsification stability, systematic investigation on the suitable proportions of diesel oil, emulsifier and additive combination needed to improve emulsification stability. In this study the emulsion between biodiesel, water and surfactant were prepared using mechanical stirrer. Both a lipophilic surfactant, Span 80 with HLB = 4.3 and a hydrophilic surfactant, Tween 80 with HLB = 15, were used to increase the affinity and reduce the interfacial tension between the water and oil phases.
Materials and method
Span 80 and Tween 80, obtained from Merck Sdn Bhd have many advantages over ionic surfactant including increase stability formulating flexibility and wider compatibility. They are stable in mild acids, alkalis and electrolytes and not reactive with ionic ingredient or actives. By combination of Span 80 and Tween 80 at different ratio, formulators are able to produce systems with a wide HLB range to emulsified biodiesel. The fuels were then blended by volume portion; biodiesel 20 % blended with 80 % mineral diesel to produce biodiesel B20. The properties of the biodiesel B20 used for this study are similar with studied by Rafidah [12] and shown in Table 1 . The emulsified fuel was produced using a mechanical stirrer machine. First, to make a stable emulsified fuel, an intersurface namely; Span 80 and Tween 80 were added to biodiesel B20. Both lipophilic surfactant, Span 80 with HLB = 4.3, and hydrophilic surfactant, Tween 80 with HLB = 15, were used to prepare biodiesel emulsion. The volumetric ratio of surfactant and biodiesel B20 were varies according to the formulation of HLB value as mentioned by [10] . Surfactant and biodiesel were stirred for five minutes at a constant speed of 800 rpm by applying mechanical stirrer at room temperature to homogenize the solution. Second, distilled water at different concentrations (5%, 10%, and 15% by volume) was added to the surfactant-biodiesel solution. Then, the mixture was stirred for 10 min at room temperature to enhance the phase stability and reduce the surface tension between water and oil phases as mentioned by Bulent Koc [13] . Emulsification of these three different liquid produced a white, creamy solution. Fig. 1 shows the droplet distribution of the three phase O/W/O biodiesel emulsion which were observed and photographed by an optical electron microscope at a magnification of 500 together with a digital camera. The quantities of the surfactants Span 80 and Tween 80 that were used for each corresponding HLB value were varied to prepare the biodiesel emulsion and are listed in Table 2 . For example, 1.5g Tween 80 and 0.4g of Span 80 were used to produce emulsion with HLB = 13. The combined HLB values were set to be 13 ± 0.12 to neglect the HLB's effect on the emulsification stability. The formulations of the emulsions biodiesel are shown in Table 2 . The emulsified biodiesel will be observed until the emulsified biodiesel separate to the water and biodiesel oil back. The time of the emulsified biodiesel produce and the time of the emulsified biodiesel separate will record. The experiments were repeated three times to obtain the accurate result. 
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Result and Discussion
The effect of water content of the emulsion on its stability was investigated. From Fig 2, it was found that increasing water concentration will lead to reduction in emulsion stability. Study by A Bulent, [13] founds that, increasing water concentrations would increase the polydispersity of the water in the emulsion. Biodiesel emulsions with 15% water concentration produce higher polydispersity compared to 5% and 10% of water concentration. High polydispersity refers to low level of homogeneity of the water droplets which form unstable emulsions at room temperature. Low water concentration in biodiesel emulsion decreases the polydispersity of the droplet size distribution and decreased polydispersity increase the stability of the emulsions. Fig. 3 , it was observed that the optimal surfactant concentration for O/W/O emulsion for long-term stability was 1.5g Tween 80. As mention by Burgess [14] , higher concentrations of Tween 80 had a destructive effect on O/W/O emulsion stability, which associated with the observation that interfacial film strength at the oil/water interface decreased as the Tween 80 concentration increased. 
Conclusion
The effects of the water content and concentration of Tween 80 on the emulsion of the three phase O/W/O emulsions was investigated in this experimental study. The results of the study can be summarized as follows: 1. The optimum concentration of Tween 80 is 1.5g. Applying higher concentrations of Tween 80 gave destructive effect on O/W/O emulsion stability. 2. 15% of water concentration has higher polydispersity compared to 5% and 10% water concentration which resulted the reduction in emulsion stability.
